INTRODUCTION
Mucocele-like tumour of the breast is a rare entity analogous to a mucocele of the minor salivary glands. It was first described by Rosen in 1986 as a benign lesion comprising multiple cysts of mucinous material that have ruptured and extravasated into the surrounding stroma. 1 Calcification is frequently present within the cysts, allowing for mammographic detection.
2 Several studies have documented the association between mucocele-like lesions (MLLs) with benign, atypical, and malignant lesions. [3] [4] [5] [6] Of note, up to 43% of MLLs diagnosed on core needle biopsy (CNB) are upgraded to atypia or malignancy on excisional biopsy. This contributes to the debate about the need for surgical excision. [7] [8] [9] In this study, our aim was to review the mammographic, sonographic, and pathological patterns of MLLs and their upgrade rates in our institution.
MEtHODS

Patient Recruitment
The pathology database at Queen Elizabeth Hospital was searched to identify all breast CNBs performed from 1 January 2008 to 31 May 2014, with either MLL as one of the final pathological diagnoses or with mucinous material found in the specimen. A total of 12 biopsy samples from 12 patients were identified. Of these 12 samples, five were obtained by stereotactic guidance and seven under sonographic guidance using an automated core biopsy device and disposable 14-Gauge core biopsy needle. This retrospective study was approved by the research ethnics committee (Kowloon Central/Kowloon East) with informed consent waived.
Mammographic Findings
All mammograms of patients with a CNB diagnosis of MLL or mucinous material within the specimen were identified, either from diagnostic mammographic study or as part of their stereotactic-guided core biopsy. All available diagnostic mammograms had been obtained in standard mediolateral oblique, cranial caudal projections, and additional spot compression / magnification views. Images from the stereotactic-guided CNB procedure were also acquired using the same mammographic system with mediolateral projection and multiple spot compression views of the area of concern. Images were reviewed by two radiologists with 15 years and 5 years of breast imaging experience. Any disagreement between the two was resolved through consensus. The mammographic findings were reported according to the lexicons outlined in the 5th edition of American College of Radiology Breast Imaging Reporting and Data System (BI-RADS). 10 When calcifications were present, their morphology (benign, suspicious-amorphous, coarse heterogeneous, fine pleomorphic, fine linear, or fine-linear branching) and distribution (diffuse, regional, grouped, linear, segmental) were assessed. When a mass was present, its shape (oval, round, irregular), margin (circumscribed, obscured, microlobulated, indistinct, spiculated), and density (high-, equal-, low-density, or fat-containing) were analysed. 
Ultrasound Findings
All ultrasound images of the targeted lesions, obtained either as diagnostic workup in our institution or as part of their ultrasound-guided CNB, were reviewed. All diagnostic sonograms or ultrasound-guided CNBs were performed by one of the six radiologists specialised in breast imaging using a GE Logiq 7 unit with a 14-MHz linear transducer. All images were reviewed without reference to the mammographic findings by two breast radiologists. All discrepancies were resolved through consensus. When a mass was present, the following features were evaluated according to the BI-RADS lexicon -its maximum dimension, shape (oval, round, irregular), orientation (parallel, not parallel), margin (circumscribed, not circumscribed), echo pattern (anechoic, hyperechoic, complex cystic and solid, hypoechoic, isoechoic, heterogeneous), posterior features (no posterior features, enhancement, shadowing, combined pattern), calcifications, and associated features.
Histology Findings and Analysis
MLLs are characterised by variably dilated ducts filled with mucin. There is often associated rupture of ducts and extravasation of mucin into the surrounding stroma ( Figure 1 ). The lining epithelium of the ducts may appear attenuated or show a spectrum of proliferative changes from the typical ductal hyperplasia to atypical ductal hyperplasia (ADH) to ductal carcinoma in-situ (DCIS). In some cases, the lining epithelium detaches and floats within the mucin pools. Features that favour a diagnosis of MLL include the presence of associated myoepithelial cells and linear configuration of lining epithelium. One of the most important differential diagnoses is mucinous carcinoma. Differentiation, however, may sometimes be difficult from percutaneous CNB specimens.
All histology slides were retrieved and reviewed independently by a pathologist with 6 years of experience to confirm the diagnosis of MLL or mucinous material within the specimen. All surgical excision specimens were also reviewed to confirm the final diagnosis, presence of atypia, and presence of upgrading to high-risk or malignant pathology. 
Statistical Analysis
RESULTS
A total of 12 patients were included in this study. Their age ranged from 31 to 77 years (mean ± standard deviation, 47 ± 14 years). Of these 12 patients, only six presented with a clinically palpable mass, two with other breast symptoms and four were screendetected asymptomatic patients. Six patients underwent subsequent surgical excision of their index lesions. Of the remaining six patients, three had clinical / imaging follow-up period of at least 3 years and showed no development of malignancy. In one patient, the lesion disappeared on follow-up scan after biopsy and two Of the 12 patients, five had mammographic findings only, three had sonographic findings only, and four had both mammographic and sonographic findings.
In the nine patients who had mammographic findings, seven had calcifications ( Figure 2 ) and two had a high-density mass ( Table 1 ). The distribution of the microcalcifications was grouped in five and regional in two (Figures 3 to 5) . Two of the lesions manifested as a high-density mass on mammogram without calcifications. In the two patients with final surgical specimen containing foci of ADH, both showed grouped coarse heterogeneous microcalcifications. One of the high-density masses without calcification was upgraded to papillary carcinoma with foci of mucinous carcinoma ( Figure 6 ).
The sonographic appearance of MLLs varied. Only 10 of 12 cases underwent ultrasound examination of whom seven had positive findings. Four showed complex cystic and solid masses, one as an isoechoic mass, one as a hypoechoic mass, and one as clustered microcysts ( Table 2 ). All lesions had parallel orientation and absent vascularity. All but one showed posterior acoustic enhancement. As outlined in Table 3 , there was no statistically significant difference regarding the mammographic and sonographic findings between the benign MLLs and the upgraded / malignant lesions.
From the 12 patients with a CNB that yielded MLL or with mucinous material, two were lost to followup ( Figure 7 ). In the remaining 10 patients, only one had rare atypical cells on CNB. Six of these patients subsequently underwent excisional biopsy of their lesions. The final surgical specimen of the lesion with atypia on CNB showed MLL associated with DCIS ( Figure 8) . Of the five patients with final surgical excisional biopsy and CNB showing no atypia, three (60%) were upgraded. Upgraded histologies included one node-negative papillary carcinoma with foci of mucinous carcinoma and two with high-risk histology of ADH (Figure 3, 4a) . The mean age, family or personal history of breast cancer, menopausal or hormonal therapy status had no impact on the upgrade rate (Table 
(a) (b)
3). The remaining four patients who did not undergo surgical excision had clinical and / or radiological follow-up and showed no subsequent development of cancer.
DISCUSSION
MLL of the breast is a rare benign tumour that has variable mammographic and sonographic appearances. Rosen 1 was the first to describe the mucocele-like tumour of the breast as a cyst of breast containing mucinous material that has ruptured into the surrounding stroma, analogous to a mucocele of the minor salivary glands. Extravasated mucin can undergo dystrophic calcification and thus be evident on mammogram. Calcifications in the tumour can have benign to suspicious morphology, with coarse heterogeneous being the most common in our study. Of those with coarse heterogeneous morphology, they usually had either grouped or regional distribution. Nonetheless comparison of the presence of calcifications in the benign MLL group and the group with upgraded lesions showed no statistically significant difference in our study (p > 0.05; Table 3 ). Several studies have reported the appearance of MLL on mammography. D'Orsi et al 10 also reported the most common mammographic appearance of MLL in their study of 44 patients to be grouped coarse heterogeneous calcifications. Glazebrook and Reynolds 12 reported MLL to have a non-specific mammographic appearance, although it could present as indeterminate microcalcifications or as a nodule, often containing calcifications. HameleBena et al 13 determined that malignant MLL had a higher incidence of coarse calcifications than its benign counterparts. Kim et al 14 also revealed that the majority of MLLs (19 of 25) had calcifications on mammography with pleomorphic shapes. Based on these findings, we postulate that one should consider the diagnosis of MLL when a group of coarse heterogeneous calcifications is encountered on mammography. It should nevertheless be remembered that it is not possible to differentiate benign from malignant based on imaging alone and complete surgical excision will be needed once the diagnosis of MLL is ascertained by percutaneous CNB.
Sonographically, the appearances of MLLs are also diverse but the majority of those in our study appeared to be complex cystic and solid (4 out of 7 with ultrasound-detected lesions). This was also observed by Kim et al 15 where 95.8% (69 of 72) of their study group with MLL had a cystic mass on ultrasound. Most had benign features including a circumscribed border, oval shape, anechoic nature with parallel orientation, thin boundary, and posterior acoustic enhancement. 15 Another study of 18 patients found sonographic findings of MLL to be of cysts with calcified or non-calcified nodules. 14 Based on these studies and ours, we postulate that MLLs of the breasts, when visible on ultrasound, tend to have cystic components. Once again, however, we were unable to demonstrate a statistically significant sonographic feature that can enable differentiation between benign and subsequently upgraded lesions.
It has been observed that the presence of a MLL represents a spectrum of change from a progression of mucin-filled ducts through ADH and DCIS to invasive mucinous carcinoma. The upgrade rates of benign MLL on percutaneous CNB to high-risk / malignant lesion range from 0% to 43% in various studies compared with 60% (3 out of 5) in ours. 7, 8, [16] [17] [18] In particular the upgrade rate to cancer was 20% (1/5) and to high-risk lesion 40% (2/5). Although our study was limited by the small number of cases, it shows a significant upgrade rate such that lesions yielding mucinous material or a MLL diagnosed on percutaneous breast CNB without atypia should be subject to complete surgical excision. This will allow evaluation of the entire area to exclude the presence of atypia or carcinoma. 
